The aim of this study was to evaluate the changes in abdominal fat distribution in the fasting month of Ramadan. Thirty-eight healthy volunteers (17 women and 21 men) who fasted in the month of Ramadan in 2002 were included in this prospective study. Waist, hip and thigh circumferences, weight and height of all subjects were measured. Waist-to-hip ratio (WHR), waist-to-thigh ratio (WTR) and body mass index (BMI) were calculated for each subject. For assessing the fat distribution in the abdomen, computed tomography (CT) was performed. Both subcutaneous and visceral fat areas were calculated by the CT scanning technique. All of the calculations were done before (first measurement) and after (second measurement) Ramadan fasting and the changes were evaluated. No statistically significant differences were found in all subjects between the first and second measurements, which include total, subcutaneous and visceral fat areas, waist, hip and thigh circumferences, weight, BMI, WHR, and WTR (p > 0.05). In females and the individuals in their twenties, there was a significant decrease in visceral fat area (p < 0.05). Despite of the general opinion that supposes the change of weight during the fasting month of Ramadan, there were no significant differences in weight and abdominal fat distribution. However in female and young individuals, there was a reduction in visceral fat compartment. This could be due to fat redistribution, because they have more physical activity than males and older individuals. computed tomography; fat; abdomen
capability which makes possible the accurate quantification of subcutaneous fat, of previously immeasurable fat in the internal body compartments (Grauer et al. 1984; Ashwell et al. 1985; Shuman et al. 1986; Seidell et al. 1990; Stallone et al. 1991; Kooy and Seidell 1993; Lemieux et al. 1999; Yoshizumi et al. 1999) . CT is the "gold standard" technique for the accurate assessment of intra-abdominal fat (Keller et al. 1999; Yoshizumi et al. 1999) .
The purpose of this prospective CT study was to evaluate the changes of abdominal fat distribution during the Ramadan fasting. To our knowledge, this article is the first to show Ramadan fasting effects on the abdominal fat distribution using a radiological technique.
MATERIALS AND METHODS
All the measurements in this study were performed just before the month of Ramadan, represented by the first measurement and after, represented by the second measurement. Informed consent was obtained from all volunteers, and the protocol of investigation was approved by the ethical committee of our institution.
Patient population
Thirty-eight healthy volunteers (17 women, 44.7% and 21 men, 55.3%) with an age range of 20-45 years (in twenties 8 men and 11 women, in thirties 7 men and 3 women, and in forties 6 men and 3 women; mean age, 32.5 ± 12.5 years) who fasted during the month of Ramadan were included in this study.
This investigation was performed in the Ramadan month that was between November 5th and December 4th in 2002. Because Hijra is a lunar calendar, Ramadan moves back by 11 days in the Gregorian calendar every year. The first, predawn meal called as Sahur was offered at about 4 : 00 a.m. The second meal, a kind of combination of lunch and dinner called as 'Iftar' was served at sunset at about 5 : 00 p.m. Volunteers eat and drink nothing between these two meals.
There were some limitations in this study.
Millions of Muslims all over the world are used to fast during the month of Ramadan, the ninth month of the Islamic calendar of Hijra (Hallak and Nomani 1988) . During the fasting month of Ramadan, Muslims abstain themselves from food and drink from sunrise until sunset (Husain et al. 1987; Hallak and Nomani 1988; Finch et al. 1998; Sweileh et al. 1992) . The effect of Ramadan fasting on body weight and composition remains a controversial issue. In general, a reduction in body weight was reported during Ramadan fasting (Husain et al. 1987; Hallak and Nomani 1988; Sweileh et al. 1992; Ramadan et al. 1999 ), but some groups may gain weight during this month (Frost and Pirani 1987; Hallak and Nomani 1988) . No significant changes in body weight and body composition were also reported (El Ati et al. 1995; Finch et al. 1998; Ramadan 2002) .
It is known that distribution of abdominal fat is related to metabolic disorders (glucose intolerance and hyperlipidemia), hypertension and ischemic heart disease (Fujioka et al. 1987; Stallone et al. 1991; Kooy and Seidell 1993; Suzuki et al. 1993; Keller et al. 1999; Yoshizumi et al. 1999; Kobayashi et al. 2002) . Intraabdominal visceral fat accumulation is a better predictor of total cardiovascular morbidity and mortality rather than subcutaneous fat depot (Stallone et al. 1991; Kooy and Seidell 1993; Suzuki et al. 1993; Yoshizumi et al. 1999) .
The documentation of fat distribution in various disease states depended in the past on anthropometric measurements of body circumferences or measurements of skin fold thicknesses (Grauer et al. 1984; Ashwell et al. 1985; Enzi et al. 1986; Kvist et al. 1986; Shuman et al. 1986; Kooy and Seidell 1993; Keller et al. 1999; Yoshizumi et al. 1999) . However, abdominal subcutaneous fat thickness is a poor predictor of total abdominal fat because it is unrelated to the amount of intraabdominal fat (Enzi et al. 1986; Shuman et al. 1986; Kooy and Seidell 1993) .
Computed tomography (CT) has both highcontrast resolution and cross-sectional imaging Food intake and activity before and during Ramadan fasting were not recorded, because of lack of cooperation. But, it was known that all volunteers had similiar physical activity and eating habitus.
Anthropometric measurements
In standing position, waist, hip and thigh circumferences of all volunteers were obtained with a non-stretchable tape measure. The waist circumference was measured at the narrowest circumference. Vice versa, the hip circumference was measured at the widest circumference. The thigh girth was measured at the midpoint between the inguinal crease and the patella. The waist-tohip ratio (WHR) was calculated by dividing the waist measurement by the hip measurement. The waist-to-thigh ratio (WTR) was calculated by dividing the waist circumference by the hip circumference. Body weight and standing height were also measured using a balance scale with subjects wearing hospital gowns without shoes. Body mass index (BMI) was calculated by dividing the weight in kg to height in m 2 .
CT protocol
CT (Toshiba Express TSX-011A; Toshiba, Tokyo) was performed with all subjects supine with both arms stretched above the head (120 kV, 50 mA, slice thickness of 10 mm, scanning time of 1 second, field of view of 400 mm, display matrix of 512 × 512 pixels). Two regions of interest (ROI) were used. First ROI was used to designate the total fat area margins near the body surface. The trackball-controlled cursor was used as a drawing tool in the area that outlined ROI by tracing the skin. Second ROI was used to designate the visceral fat area. Using the cursor, a line was drawn within the muscle wall surrounding the abdominal cavity. The abdominal subcutaneous fat area was calculated by subtracting the visceral fat area from the total abdominal fat area. The intraabdominal visceral and subcutaneous fat areas were determined at the level of umbilicus (approximately at the level of L4 and L5) similar to the previously reported CT scanning technique (Dixon 1983; Ashwell et al. 1985; Kvist et al. 1986; Shuman et al. 1986; Kooy and Seidell 1993; Keller et al. 1999; Lemieux et al. 1999; Yoshizumi et al. 1999; Kobayashi et al. 2002) . As the ROI for intra-abdominal fat passes through Fig. 1 . CT image of a patient at the level of umbilicus. The regions of interest were shown by R1 and R2. R1 was used to assess total cross-sectional area. R2 was used to assess visceral fat.
rectus abdominis, internal oblique and quadratus lumborum muscles excluding vertebral corpus, the intra-abdominal fat measurement includes retroperitoneal, mesenteric and omental fat ( Fig. 1) .
In our study, we should have taken axial CT cuts at multiple levels to achieve volumetric calculations with our equipment. However, in order to keep the radiation dose minimum, we took single cross-section. On this single cross section, we made area instead of volumetric calculation. As a matter of fact, the recent studies have already shown that visceral fat area from a single scan obtained at the level of umbilicus was found to be highly correlated with visceral fat volume (Kvist et al. 1986; Kooy and Seidell 1993; Yoshizumi et al. 1999; Kobayashi et al. 2002) . Intra-abdominal subcutaneous fat volume also showed a positive correlation with subcutaneous fat area for both genders (Kobayashi et al. 2002) .
A CT technician and a dietician performed fat area measurements and all anthropometric measurements, respectively.
Statistical analysis
Statistical analysis was done using a SPSS version 10.0 statistical programme. Pearson correlation test and t-test were used for all parameters. Comparison of each feature in the male and female groups, and three different decades of ages were made by Wilcoxon's ranking test. All results are expressed as mean ± S.D. A difference with a p value < 0.05 was considered to be statistically significant.
RESULTS
First and second measurements of total, subcutaneous and visceral fat tissue areas, weight, waist, hip and thigh circumferences, BMI, WHR, and WTR of all volunteers are listed in Table 1 . We found no significant difference in these parameters with Ramadan fasting (p > 0.05). Although statistically insignificant, in the second visceral fat tissue area measurement, only one parameter showed a prominent decrease (p = 0.054). Both subcutaneous and visceral fat tissue areas showed positively highest correlation between the first and second measurements (subcutaneous fat; r = 0.970, p = 0.000 and visceral fat; r = 0.937, p = 0.000). The relationship between visceral and subcutaneous fat tissue areas was positively highly correlated in both measurements (first measurement; r = 0.450, p = 0.005 and second measurement; r = 0.564, p = 0.000). We also found that subcutaneous fat mass correlated with BMI more strongly than visceral fat mass similar to a previously reported study (subcutaneous fat mass, (Kobayashi et al. 2002) . In both measurements, age showed positively strong correlation with visceral fat tissue area (first measurement; r = 0.538, p = 0.001 and second measurement; r = 0.592, p = 0.000), and moderate correlation with subcutaneous fat tissue area (first measurement; r = 0.401, p = 0.014 and second measurement; r = 0.453, p = 0.005). When we compared the each parameter in the twenties (age range, 20-29 years; mean age, 25.1 ± 2.5 years), the thirties (age range, 30-38 years; mean age, 33.7 ± 2.5 years), and the forties (age range, 40-45 years; mean age, 42.3 ± 2.0 years), there were significant decrease in visceral fat tissue area in the twenties (first measurement mean ± S.D.: 138.80 ± 32.74 and second measurement mean ± S.D.: 128.19 ± 32.39, p = 0.014), and significant increase in hip circumference in the thirties (first measurement mean ± S.D.: 100.00 ± 6.21 and second measurement mean ± S.D.: 101.00 ± 6.56, p = 0.047). We found no significant difference in all parameters of the volunteers at their forties. P values of each parameter in the twenties, thirties and forties were summarized in Table  2 .
All the parameters for men and women were shown in Tables 3 and 4 , respectively. There was a significant decrease in visceral fat tissue area in women (p = 0.035, p < 0.05).
DISCUSSION
Nutritional intake and frequency of meals are changed during Ramadan fasting (Frost and Pirani 1987; Husain et al. 1987; Hallak and Nomani 1988; Sweileh et al. 1992; Ramadan et al. 1999) . Although total food consumption is limited during the month of Ramadan, more main dishes are prepared at home, and more desserts are usually consumed than other days. Furthermore, many individuals reduce their physical activity during the month of Ramadan (Hallak and Nomani 1988) . As a result, total body metabolism is affected and lipid metabolism and blood lipid levels change during this month (Husain et al. 1987; Hallak and Nomani 1988; Sweileh et al. 1992; El Ati et al. 1995; Adlouni et al. 1998; Ramadan et al. 1999) .
Several techniques have been developed to assess abdominal fat tissue. Although anthropometric measurements, such as skin fold thickness or circumferences of different body segments and waist-to-hip circumference ratio are simple and useful indicators of visceral fat accumulation, these indices are not always accurate (Grauer et al. 1984; Ashwell et al. 1985; Enzi et al. 1986; Kvist et al.1986; Shuman et al. 1986; Kooy and Seidell 1993; Keller et al. 1999; Yoshizumi et al. 1999) . CT determination of adipose tissue is the most direct method has made possible the discrimination between adipose tissue located subcutaneous and visceral compartment, an exercise which was not possible with conventional anthropometric techniques (Dixon 1983; Grauer et al. 1984; Ashwell et al. 1985; Enzi et al. 1986; Kvist et al. 1986; Shuman et al. 1986; Seidell et al. 1990; Stallone et al. 1991; Kooy and Seidell 1993; Keller et al. 1999; Lemieux et al. 1999; Yoshizumi et al. 1999; Kobayashi et al. 2002) . The other radiological techniques used to determine the abdominal fat distribution are ultrasonography (US) and magnetic resonance imaging (MRI) (Seidell et al. 1990; Kooy and Seidell 1993; Suzuki et al. 1993; Yoshizumi et al. 1999) . US seems to be more appropriate to assess the thickness of subcutaneous fat layers (Kooy and Seidell 1993) . MRI equipment is more expensive and less available than is CT equipment (Yoshizumi et al. 1999) . On the other hand, MRI examination takes longer time to perform (Seidell et al. 1990; Kooy and Seidell 1993) . It was also reported that, visceral adipose tissue seemed to be underestimated by MRI compared with CT (Seidell et al. 1990; Kooy and Seidell 1993) . The method of evaluating intraabdominal visceral fat area using CT was reported previously, and this fat was suggested to play an important role in the development of diabetes mellitus, hypertension and hyperlipidemia (Fujioka et al. 1987; Kooy and Seidell 1993; Suzuki et al. 1993; Keller et al. 1999; Yoshizumi et al. 1999; Kobayashi et al. 2002) .
We found that there were no significant (p > 0.05) changes in the parameters; weight, total, subcutaneous and visceral fat tissue areas, waist, hip and thigh circumferences, BMI, WHR, WTR between the first and second measurements. This was parallel with the results of some studies in which no significant difference in body weight and body composition were observed with Ramadan fasting (El Ati 1995; Finch et al. 1998; Ramadan 2002) . It was explained by qualitative and quantitative circadian changes of feeding during Ramadan being counterbalanced by specific metabolic changes in order to preserve normal body weight and composition (El Ati et al. 1995) . Other studies showed that total body weight was decreased with the reduction in fluid and energy intake during fasting and in sleeping time (Husain et al. 1987; Hallak and Nomani 1988; Sweileh et al. 1992; Ramadan et al. 1999) . Another study, however, revealed an opposite result; the energy intake during Ramadan was significantly higher than at any time of the year. Although there was a significant reduction in meal frequency and the number of meals taken without the family, a significant increase in body weight was noted during Ramadan (Keller et al. 1999) .
In this study, not only age and visceral fat tissue area had positively strong correlation between before and after fasting, but also subcutaneous fat tissue area was moderately correlated with age. As expected, body fat deposition especially in visceral fat compartment is found to be increased as the age increases. In the twenties, although there was no change in weight, we found a decrease in visceral fat tissue after fasting. However, there was no difference in the forties. Age seems to be an important parameter when changes of fat distribution in fasting people are evaluated because it is a factor affected directly by personal activity. Young people are more active and they use up more calories than older people during the day. They also have a higher level of basal metabolism.
There was a statistically significant reduction in visceral fat tissue area in women in our study (p < 0.05). It was shown that during a short period of reduced energy intake, women lost body weight more from visceral fat compartment than subcutaneous fat (Jones and Edwards 1999) . The reduction in visceral fat area was highly correlated with the reduction in total body fat mass and also correlated well with the change in weight and in BMI (Stallone et al. 1991) . However, there was no statistical significant weight loss in women in our study. This could be explained by fat redistribution.
It was reported that females experienced a decrease in body mass of greater magnitude than males in Ramadan. This was explained by in accordance with local custom, the onus of meal preparation for breaking fast at about 7 : 00 p.m. and commencing fast at about 4 : 00 a.m. being associated with a high level of physical activity involving only the womenfolk (Husain et al. 1987) . Housewives, other than cooking, also do the housework like cleaning, ironing, laundry, taking care of children during the whole day at home and working women, besides do the housework, work at the office throughout the whole day, so they use up more energy than men. To our opinion, this increase in physical activity did not lead weight loss, but caused redistribution in visceral fat compartment.
In conclusion, despite of general belief that supposed change of weight during Ramadan, we found no significant differences of weight and fat distribution in the abdomen before and after fasting by using CT, the "gold standard" technique for quantifying fat depots. It could be said that Ramadan fasting had no adverse effect and additional new risk of metabolic disorders and cardiovascular disease on the subjects. However, in females and young people, there was a statistically significant reduction in visceral fat compartment. This could be due to fat redistribution, because they have more physical activity than males and older people.
